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Abstract Research of ear recognition technology, as well as its application, is a new subject

in the field of biometrics. Earlier research has shown that human ear is one of the representa-

tive human biometrics with uniqueness and stability. According to these characteristics, this

paper introduces a force-field Fisher classifier (FFC) for ear recognition. The FFC method,

which is robust to changes in illumination, applies the Fisher linear discriminant analysis

to an augmented force-field feature vector derived from the force-field transformation of ear

images. The feasibility of the new FFC method has been successfully tested for ear recogni-

tion. The novel FFC method even achieves 98.5% recognition accuracy for ear images from

selected database.
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∑

i=0

pi/|~ri − ~r| (2)Y��$',=h^'*m�Z�<RR�=hSB!X�=6C=hSB!�8�
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Fig. 1 The result of ear image force field transformation

2.3 37%�I�
?���2K!^�~�G!S|Z=!�f,=hS4�(�Z�~K!�Z�'*m�Zf)vMS~!�"K!*��K!!wwJG�5�����5 (FFT) &q�5���Y}>) O(n2) ZWZ O(logn), Ci0�K! �
2.4 Fisher 6:)�

Fishera{H� (LDA) ��a4'S*pSa{ZErn�)�H��a{v�O���R����v�Ok;%S�Ag%g7��Og%wg�v3!nfY
^� ω1ω2 · · ·ωL & N1N2 · · ·NL w�C L ��&4�S����~M1
~M2 · · · ~ML & ~M w



4 O g"0V�?-?j�3q7Tl�?j}! 515�C4��A~X&|3~X�K!�Ag%tO ∑

w &�Og%tO ∑

b

∑

w =

L
∑

i=1

P (ωi)ε
{

(~y(ρ) − ~Mi)(~y
(ρ) − ~Mi)

t|ωi

}

(4)

∑

b =

L
∑
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2.5 FFC �!,�n� LDA rnRP.Pv�O ψ �-f.Æ��*fY;%�5

~γ(ρ) = ψ~y(ρ) (7)p ~M0

k , k = 1, 2, · · · , L C����n� LDA ;%-S ωk �S~Xk!�FFC �('�l& (P�~X) H��D|^r��S��,�)�lSl-��~XS�[8]
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δ(~γ(ρ), ~M0
k ) = min

j
(~γ(ρ), ~M0

j ) → ~γ(ρ) ∈ ωk (8)�H('fYGaw�;rnK!

δcos =

− ~Xt~Y

‖ ~X‖‖~Y ‖
(9)

δl1 =
∑

i

| ~Xi − ~Yi| (10)
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−1
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Fig. 2 The sketch map of the ear recognition system

4 z�b��[ CMU 	^S 1104 z,8b�=h (#j), $7�IY4bj=h 24 z�'*=hb��7�Fo[�$7xO&$7�IYFoix�L��T#=h7h+�S�[{�+3^SxO0�&�I�1�Lq=h 3.2 =h2��&f<[j=h-�ixfYyÆ
+< 1. (' FFC rn�[4�bS 10 z=h�C��l-���P. 14 z�C.Æ���('T� 4 aw�;K!w��{�_�f= 3.�yÆ^�L5m^EM.Pv�OSE�f,{�,:*'�i�K7x�f $:�1�P#=��X�-{�,$:?*0�� B�C�C*
S.P�OE���T{�Sm& �



4 O g"0V�?-?j�3q7Tl�?j}! 517

? 3 NCos, NL1, NL2, NMd x!	)( δcos, δl1 , δl2 , δMd x�<d}!Ta�
Fig. 3 NCos, NL1, NL2, NMd is the ear recognition performance using the four different similarities:

δcos, δl1 , δl2 , δMd+< 2. �℄n\ PCA a{H�rn& FFC rnS{�t_,�w�[=h3�j8m�G%7��k!�C.P&�2o50[.Pk!ixf��('�G.\
(NCos) �;K!�[4�bS 10 z=h�C��l-���P. 14 z�C.Æ���_�f= 4 '�

? 4 PCA image 	5�?j9duT)( PCA toTa��PCA force, F-LDA force 	�3q71\/Qx!)( PCA ( LDA toTa�

Fig. 4 PCA image is the ear recognition performance of PCA method using image gray value,

PCA force and F-LDA force are the performance of PCA and FLDA using image force field

transformation

5 b/�Hen#�aj{�Srrn FFC: ��2o5rn0[j.PS>?k�=' LDA a{H�ix{��/n\Srn����=
PCA rn�G.Pk!mk#���C*Si�w%�#`�+#=hVO'*S0��K),)$�L�S0��)I9��oN[�4��,jSA�0��K�('�2=ho5*pX|#I9f{�S%d� BC{�_����P�PCA force & F-LDA force S{�,b�,
PCA image S{�_��C=�^L54���P�'�2=ho50[tS�C.P-(' LDA a{wR (F-LDA force) �*pS0�#jS{�,��(' FFC rnx{�,rZEP# 98.5%.j{��tO{�ST��2��yL$'^~��+S �4+h��HhCRn�I�1f{�%dS[fj{�ix#�q+,�f-��4~�Mf,8<'
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